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b) Narraguagus River 
    (Downeast Coastal SHRU)
c) West Branch Pleasant River
    (Penobscot Bay SHRU)
a) Sheepscot River
(Merrymeeting Bay SHRU)
Figure 1. The Maine reference map indicates the location of the three study rivers within the three 
federally designated Salmon Habitat Recovery Units (SHRUs) of the Gulf of Maine Distinct Popula-
tion Segment (GOM DPS) of Atlantic salmon. The detail maps delineate the locations of the 
lidar data collection areas within the watersheds, and the dashed black line on the 











































(c) West Branch Pleasant River









Figure 2.  The three panels show longitudinal profiles of all three study rivers: the 
Sheepscot (a), Narraguagus (b) and WBPR (c). The channel profiles are resolved from 
10 meter DEMs and correspond with the lidar data collection areas from 'JHVSF The 
surveyed channel segments are labelled for the WBPR (c), and the dashed line marks 






Figure 3. Locations of field surveyed segments of the WBPR. The blue points 






(rkm 51.7 - 49.2)
(rkm 38.4 - 34.2)
(rkm 31.2 - 26.4)
(rkm 26.3 - 19.3)
(rkm 14.6 - 10.5)























 Figure 4. A lithograph of Billings’ Falls 
in Gulf Hagas on the WBPR at moderate 
flow (Farrar, 1880)
Figure 6.  An 1882 photo of Billings’ Falls on the WBPR at high flow (Hubbard, 1882).  The 
lumber in the lower right of the frame is an artifact of extensive of logging in the WBPR 
watershed. The falls in this photo correspond with the location shown in Figure 4.
Figure 5. A lithograph of the “Jaws” 
near the base of Gulf Hagas on the 


































Figure 8. A photo of Little Lyford Pond on the WBPR, 
circa 1900.Note the landslide scar on the hillslope in 












'igure 9. A photo of Lower Little Lyford Pond on the 





















Figure 10. A photo of the kilns at the Katahdin Ironworks site below 
Silver Lake on the WBPR, circa 1890 (Maine Geological Society, 2005)
Figure 11. A photo of the site of the former iron works facilities at the outlet of 
Silver Lake,circa 1890. (Maine Department of  Conservation, 2011).

While ore was roasted in the Iron Kiln(1) workers filled the Charcoal Storage Shed(2) with charcoal from 
the brick kilns. The charcoal, ore, and limestone were dumped into the Furnace(3) and then superheated 
by pumped-in air. A Sluiceway(4) diverted water from the Dam(5) through the Machine House(6) where it 
powered cylinders that forced the air into the furnace. The melted iron then ran out into sand molds on 





















Figure 13. A photo of the WBPR downstream of Silver Lake, near the former site
of Katahdin Ironworks (Bangor & Aroostook, 1902).
Figure 12. An early 20th century advertisement for the Silver Lake hotel, located near 
the dammed outlet of Silver Lake on the WBPR (Bangor & Aroostook, 1905)

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Figure 17.  The view upstream from Billings’ Falls in 
Gulf Hagas on the WBPR (7/27/2009). 
Figure 18.  The view downstream at rkm 31.2 on the
WBPR at the downstream end of Gulf Hagas (8/4/2010). 
Figure 15.  The view downstream from First West 
Branch Pond on the WBPR at rkm 51.6 (NPS 7/29/2010). 
Figure 14. The view upstream at the outlet of Roach 
Pond on the WBPR, below rkm 51.7 (7/28/2009). 
Figure 16.  The view downstream from rkm 36.4 in 
the USGH segment of the WBPR (NPS 7/27/2009). 
Figure .  Downstream of Gulf Hagas, rkm 31.0 (8/2010).
Figure 19.  The view downstream from rkm 31.2 on
 the WBPR in the GHWB segment (8/4/2010). 

Figure 20. The view upstream from rkm 27.6 on the
WBPR, showing buried logging debris eroding from 
the river right bank (NPS 7/28/2010). 
Figure 21.  The view upstream from rkm 25.6 on the 
WBPR, showing the actively migrating channel above 
Silver Lake (8/1/2010). 
Figure 22.  The view downstream from rkm 17.0 on 
the WBPR showing the LWD-obstructed and sand-
bedded segment upstream of Silver Lake (8/2/2010).
Figure 25.  The view upstream from rkm 10.6 in the 
DSSL segment of the WBPR (8/3/2010). 
Figure 24.  The view upstream from rkm 14.8, at the
outlet of Silver Lake on the WBPR (NPS 7/29/2010). 
Figure 23.  The view across Silver Lake (rkm 19.3-14.8)
on the WBPR (8/2/2010).
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Figure 26 (a-g).  GIS-measured elevation, drainage area (A), slope (S), and channel width (wlidar) 
for the WBPR are shown in panels a-c. Field-measured high-flow and active channel width (whf, wa), 
high-flow and active depth (hhf, ha) and median grain size (D50 field) are shown in panels e-g. 






































































































































Figure 27. 1:1 plot of channel widths measured from lidar (wlidar hf) for 





















Figure 28. Histogram hf/hhf) for all three study rivers.The axis scales vary between panels.









































































PHDVXUHPHQWV,FDOFXODWHĲb predXVLQJWKHILHOGPHDVXUHGwhf LQSODFHRIwlidar 
(TXDWLRQ

































Figure 29. Shaded relief map showing the ratio of predicted to field-measured bed shear 
stress (τb pred / τb field) on the WBPR. 





























Figure 30.  1:1 plot of predicted bed shear stress (τb pred) to field-measured bed shear stress 

























71% of values within ± 2x
Sheepscot n=111
























































(No WBSL: 68% of values within ± 2x)
Figure 31.  1:1 plot of predicted bed shear stress (τb pred) to field-measured bed shear stress 






















Figure 32. measured widths (τb pred (whf)) to 
bed shear stress calculated using lidar widths (τb pred (wlidar)) for the WBPR.

































































































average D84 field = 113 ± 80 mm
Figure 3.  Histogram measured median- and coarse-fraction grain size 






































Figure 3. Shaded relief map showing field-measured median grain size (D50 field) for the WBPR.























Figure 3.  Histograms of field-measured median grain size (D50 field) values 



























(a) West Branch Pleasant River
average D
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56% within ± 2x
67% within ± 2x
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Figure 3.  Plots of longitudinal profile indicating field-surveyed segments (a), predicted 
and field-measured shear stress (τb pred, τb field ; b), predicted and field-measured median 






Figure 37.  Shaded relief m measured median 
grain size (D50 pred/D ) for the WBPR, using a constant intermediate roughness parameter 
(n=0.04) to calculate D50 lidar (Equations 1 & 5).
 Elevation (m)






















Figure 38.  1:1 plot of predicted median grain size (D50 pred) to field-measured median grain 



































 West Branch Pleasant n=91
66% of values within ± 2x
 Narraguagus n=116
59% of values within ± 2x
Sheepscot n=69








































67% of values within ± 2x







Figure 39.  1:1 plot of predicted median grain size (D50 pred) to field-measured median grain size 
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Figure 40. Regressions of predicted median grain size (D50 pred; panel a) and GIS-
measured slope (S; panel b), drainage area (A; panel c), and channel width (wlidar; 
panel d; all standardized to a mean of one and a standard deviation of zero) against 





































































































































































Rkm 22.9 - 21.6 (WBSL segment)
1:10,000












Figure 4. Lidar shaded relief maps (a-b) and digital orthophoto quadrangles (DOQs) 
(c-d) showing overestimations of channel widths (wlidar/whf > 1.5) in the WBSL 
segment of the WBPR. The missing datapoints in panels a and c are locations where 






















Figure 4.  1:1 plot of original (red) and revised (blue)  lidar widths (wlidar) and 
field-measured widths (whf) for the USGH segment of the WBPR.


































































'6%3   
86*+   
*+:%   
:%6/   
'66/   
&RPELQHGVHJPHQWV   

































Figure 43. 1:1 plot of predicted median grain size (D50 pred measured
median grain size (D ) with varying roughness (n) for the WBPR. Each color 

























































Figure 44. measured median grain size 
(D50 pred/D
(high roughness: n=0.06 (a), intermediate roughness: n=0.04 (b), and low 
ment.
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(hpred hf; Equation 9 m hf) for the WBPR. Each 






























Figure 46. pred hf; 
m hf) for the WBPR. Each color 




























(2007) (wpred hf; Equation 10) to lidar widths (wlidar) for the WBPR. Each color 
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